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© Electro-opto-mechanical cable for fiber optic transmission systems. 



© An electro-opto-mechanical cable includes at 
least one thin-wall steel alloy tube (20) containing at 
least one single mode fiber (15) and a void filling gel 
(16) to assure the capability for transmitting low- 
noise optical phase data. A dielectric annulus (25) 
and an electrically conductive layer (50) disposed 
therein helps further assure watertight integrity and 
power or electrical signal transfer. An optional 
double-layer contrahelical or three or four layer, 
torque balanced, steel wire strength member (68, 78) 
provides additional protection as well as capability to 
be towed, deployed and recovered from the seafloor 
at abysmal depths. The steel armor and cable core 
interface eliminates all intersticial spaces associated 
with the armor wires to produce a firm, hard cable 
t-that experiences minimal residual strain (creep) due 
<Cto extensive load cycling. A pressure extruded outer 
^jacket aids in assuring the protection of the individ- 
§ual steel wires from point loadings and from strength 
Odegradation due to corrosion. Further, the integral 
^ steel armor and Jacketing structure provides protec- 
tion for the electro-optic core from abrasion against 
CO rock or coral at cable suspension points during sus- 
tained cable strumming. 
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ELECTRO-OPTO-MECHANICAL CABLE FOR FIBER OPTIC TRANSMISSION SYSTEMS 



The invention relates to a fiber-optic transmis- 
sion cable for high-stress environments and espe- 
cially undersea applications comprising one to a 
large number of optical fibers, electrical conduc- 
tors, and metallic wire strength members contained 
within a single cable structure. 



Background of the Invention 

Prior art optical fiber communication cable in- 
cludes four distinct generic constructions or ar- 
rangements of the electrical, optical, and mechani- 
cal elements to achieve the required respective 
performance functions. In the first approach the 
optical fibers are placed into a system of polymeric 
tubes cabled about a central strength member 
core, or into a radial system of chambers in the 
form of a helix about a central steel strength mem- 
ber. In a second generic approach, the fibers are 
encapsulated into a polymeric matrix which is en- 
closed within a composite system comprised of 
steel strength member wires and a relatively large 
diametered, thick-walled tubular copper conductor. 
The steel wires and the tubular copper conductor 
are always adjacent and in contact. The third ge- 
neric approach attempts to incorporate optical fi- 
bers into existing electromechanical cable struc- 
tures by providing a tight-buffer; i.e., added 
strengthening and jacketing of the individual fibers, 
such that they may be handled and processed on 
an equal footing with insulated electrical conduc- 
tors. This method is known as the hybrid design 
approach. The fourth and most recent generic ap- 
proach utilizes a copper alloy tube which is im- 
proved with respect to providing a much smaller 
diameter for encapsulation of the optical fibers; in 
addition, a synthetic fiber strength member is 
placed in an outermost annular region of the cable 
cross-section. 

The first generic type of cable configuration is 
exemplified by the U.S. Patent No. 4,143,942 
(Anderson, dated 3/13/79) and U.S. Patent No. 
4,199,224 (Oestreich, dated 4/22/79). In the former 
patent, a fiber or a multiplicity of fibers are en- 
closed within a polyacrylonitrile sheath, and as 
many as six of these units are in turn cabled about 
a central, synthetic fiber (i.e., KEVLAR/du Pont) 
strength member core. No electrically conductive 
path Is provided. In the latter patent (#4,199,224) 
the cabled bundle is replaced by a radial system of 
chambers that are helical extruded and appear as 
radial "ribs" in the transverse cable cross-section. 
One or more optical fibers are placed in the cham- 



bers formed by the helical ribs which are formed 
directly over the central steel wire strength mem- 
ber. Insulated electrical conductors are placed in a 
layer over the system of chambered fibers, then 

5 covered by polymeric tapes and an external jacket. 
The second generic type of optical fiber com- 
munication cable is represented by the Mondello 
U.S. Patent 4,156,104 (5/22/79) and the Parfree and 
Worthington U.S. Patent 4,239,336 (12/16/80), in- 

10 tended for use as optical fiber submarine cables. In 
the former patent (#4,156, 104) the fibers are cap- 
tured in an annular region of extruded elastomer 
around a central steel "kingwire." A maximum of 
twelve fibers are thus enclosed in an approx 2.6 

76 mm overall diameter (OD). The latter is surrounded 
by at least two layers of unidirectional steel stran- 
ding, which is jacketed with a copper tube pulled 
down over the steel strand and swaged into the 
outermost interstices of the outer layer of steel 

20 wires to obtain positive mechanical contact. The 
latter is covered with an electrical grade dielectric 
of polyethylene to 21.0 mm OD. This extrusion 
represents the only physical/mechanical protection 
for the electro-optic functions of the cable. Simi- 

25 larly, the Parfree and Worthington fiber optic cable 
invention (#4,239,336) contains a composite steel 
strength member and thick-walled tubular electrical 
conductor adjacent to each other and enclosing a 
number of optical fibers along with a polymeric 

30 filler material in the center of the cable. In contra- 
distinction to the Mondello cable invention, a dual- 
system of relatively large diametered, thick-walled 
copper tubes is formed in two processing oper- 
ations over the optical fibers, and the resulting unit 

35 is surrounded with two contrahelical layers of steel 
wire strength members in direct contact with the 
outer surface of the tubular electrical conductor. 
This composite tubular conductor is then extruded 
with an electrical grade of polyethylene to a diam- 

40 eter greater than 25.4 mm OD. Again, the latter 
extrusion represents the only protection for the 
electro-optic functions of the cable. 

The third generic approach or 'hybrid method' 
relates to prior art in fiber optic tow cables and 

45 ROV umbilical cables, which utilize variations of 
traditional EM cables to incorporatetlght-buffered 
optical fiber elements on an equal footing with 
insulated electrical elements Into the cable struc- 
ture. A tight-buffer implies the fiber optics are in- 

50 dividually strengthened and jacketed with various 
synthetic yarns, or steel wires, or composite 
glass/epoxy directly over and in contact with the 
primary/secondary buffer on the "as manufactured" 
optical fiber. (For a review of the pertinent methods 
and associated diameters for the individual fiber 
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units see "Small-Diameter, Undersea, Fiber Optic 
Cable", T. Dohoda and T. Stamnitz, Proa POD 
Fiber Optics '88, McClean, Va. f 23 Mar 88; for a 
review of the generic ROV and tow cable configu- 
rations incorporating these units see "Fiber-Optic 
Tether Cable for ROW, Proc. POD Fiber Optics 
T38, McClean, Va. 23 Mar 88; for a historical view 
on placing fiber optics into EM tow cable and ROV 
applications see, "Pevelopment and Pesign of Un- 
derwater Cable". T. Stamnitz,Sea Technology , Vol. 
25. No. 7, pg. 29-33, July 1984). 

The fourth and most recent generic configura- 
tion for an undersea, fiber optic cable is disclosed 
in U.S. Patent 4,763,981 issued to G.A. Wilkins 
(8/16/88). Based upon a relatively smail-diametered 
copper tube for encapsulation of the optical fibers, 
Wilkins achieves the potential for a significant cable 
diameter reduction, while providing a synthetic 
strength member outside the dielectric to serve as 
armoring protection for the electro-optic functions 
of the cable. The crucial aspect of this invention 
involves the forming of relatively narrow, extremely 
long lengths of copper alloy strip into a small- 
diametered tube (0.9 to 3.2 mm) which is longitudi- 
nally seamed by a brazing process. 



Assessment of prior Art 



The two variations of the first generic approach 
to fiber optic transmission cable described above 
have intrinsic limitations with respect to high stress 
and especially undersea environments. The first 
patented approach utilizes a central synthetic fiber; 
i.e., KEVLAR strength member, which experiences 
significant axial strain (0.5 % minimum and 1.0% 
nominal) at working loads as low as one-fifth of the 
rated cable breaking load. This level of cable elon- 
gation Is not compatible with a long (ten to twenty 
year) optical fiber life. In both patented approaches 
of this type, the strength member is located in the 
center of the cable, such that it does not provide 
armoring protection for the optical fibers. For high 
stress cable deployments from a cable-laying ship 
at sea, it is extremely difficult to obtain load-trans- 
fer from the center strength member to the outside 
of the cable jacket which is the only surface 
availabe for gripping and holding by the caterpuller 
hauler and/or winch drum. The system of plastic 
tubes and or grooves within the plastic-rimmed 
spaces can be easily deformed or "squashed" 
during cyclic bending over sheaves under high 
cable tension. This lateral compressive stress can 
be translated to the optical fibers within. The center 
strength member KEVLAR cable with optical fibers 
in the plastic tubes does not provide a path for 
electrical power transmission. In the helically ex- 



truded system of radial plastic chambers enclosing 
fibers about the center steel strength member, mul- 
tiple insulated electrical conductors may be cabled 
about the plastic ribbed chambers, however, signifi- 

s cant armoring protection for the electrical leads is 
not provided. In addition for an undersea subma- 
rine cable, the system-level design considerations 
favor having one large electrical power conductor, 
which is unavailable in the context of this design. 

ro Several problems have been recognized from 
actual experience with optical fiber submarine 
cable constructed in accordance with the second 
generic approach described earlier. One major 
problem concerns the vulnerability of the cable to 

rs sharkbite, abrasion, and anchor dragging. Much of 
the deep-water cable manufactured previously has 
now been provided with additional metallic alloy 
tube shielding over the dielectric [fish-bite pro- 
tected (FBP)] and an outer jacket of high-density 

zo polyethylene to a diameter * 31.75 mm [see for 
example, "Sharkbite on the SL Submarine Ligh- 
twave Cable System: History, Causes, and Resolu- 
tion", LJ. Marra, IEEE JRNL OCEANIC ENGRG, 
Vol. 14, No. 3, Jul 89, p.230-237]. The FBP fix 

25 involves added material and manufacturing costs. 
Further the diameter increase corresponds to a 
reduction in the total continuous length of cable 
that can be carried by the cable laying ship. It is 
important to realize, since the patented approaches 

30 under discussion do not provide armoring protec- 
tion for the electro-optic functions of the cable, 
these cables can only be used safety in deep-water 
applications ( £ -1500 meter depths) [this com- 
ment applies even to the FBP cable]. For shallow 

35 water use and shore-crossing zones, where the 
cable may be subjected to anchor damage from 
ships and/or excessive wave action, the cables 
must receive additional steel armoring protection 
(see "Pesign and Testing of the SL Cable", A. Adl 

40 et al, JRNL LW. TECH., LT-2, No. 6, Pec 84, 
especially p. 826, Section P and Figure 6). Finally, 
the manufacturing of the center strength member 
deep-sea cable, i.e., the copper-jacketed steel 
strand described in Mondello U.S. Patent 4,156,104 

45 and the preceding Adl et al reference, requires an 
expensive, relatively high-technology processing 
line that evolved from submarine coax manufacture 
[see "Armoriess Cable Manufacture", B.W. Lerch 
et al, BELL SYS.TECH.JRNL, Jul 1964, p. 1209- 

50 1241; "Pesign and Manufacture of an Experimental 
Lightguide Cable for Undersea Transmission Sys- 
tems", Robert F. Gleason et al, 27th ANNUAL 
INTRNL.WIRE & CABLE SYMPOSIUM, Nov 1978; 
and International Submarine Cable Systems , (ed) 

55 Selichi Shimura, KPP Engineering and Consulting, 
Inc., Tokyo, Japan, 1984, especially Chapter 6: 
"Manufacture of Submarine Cables", p. 249-264]. 
Due to the great equipment capitalization expense 
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and high degree-of-difficulty in operating the pro- 
cessing line for copper-jacketing of steel-strand 
containing the tight-buffered fiber-optic unit, manu- 
facture of this type of optical submarine cable is 
limited to one cable company in the U.S.A. 
(Simplex Wire & Cable Co.). and to only a few 
others in the entire world. This fact results In high 
cost for fiber-optic submarine cable and limited 
availability. Finally, a severe limitation for the pat- 
ented design approaches to optical submarine ca- 
ble, is the fact that due to the extensive difficulties 
involved in setting up the processing line to manu- 
facture the composite steel/copper strand at a par- 
ticular dimension, it is not possible to readily adjust 
the cables properties; i.e., dimensions, strength, 
electrical power transfer, and the number of optical 
fibers contained therein (12 is typically the maxi- 
mum number). 

While the third generic or hybrid approach for 
incorporating optical fibers into EM cables proved 
fruitful for the transmission of digital optical data, a 
growing need became apparent for a true electro- 
opto-mechanical cable, in particular for undersea 
towing or ROV umbilical applications, having a re- 
duced diameter to reduce hydrodynamic drag 
forces. At the same time, a requirement for a large 
number of fibers within a small diameter tow cable 
has evolved from the requirements for an array of a 
large number of fiber-optic hydrophones. Neither 
the small-diameter tow cable requirement nor the 
requirement for transmission of phase-modulated 
data from fiber-optic hydrophones can be satisfied 
by a cable using fibers in the tight-buffered con- 
figuration. 

Referring to the fourth generic configuration for 
undersea, fiber-optic cable, the small-diametered 
copper alloy tube element, unfortunately, cannot be 
manufactured reliably and uniformly due to the 
difficulty in sealing the longitudinal seam; such that 
this product is not available at the present time. 
During a seven year development (1980-87), a 
laser-welding process for the seam of the copper 
tube could not be established without damaging 
the optical fibers and/or void-fill within the tube. 
The brazing process defined for closure of the 
copper tube seam suffered from several deficien- 
cies in practice. Either the soldering material melt- 
ed during subsequent thermoplastic extrusion over 
the tube causing manufacturing problems, or the 
inadequately seamed tube allowed the intrusion of 
seawater during undersea operation. Seawater in- 
strusion during operation leads to hydrogen evolu- 
tion inside the tube, which causes hydrogen-dark- 
ening of the optical fibers. In addition, requirements 
have arisen for undersea tow cables and long-haul 
submarine cables that require a higher fiber count ( 
2 100 or more) than can be provided in the Wilkins 
approach. The Margest' small-diametered copper 



alloy tube contemplated in this invention is about 
3.2 mm, which in view of the manufacturing pro- 
cess, may be compatible with a maximum of about 
40 fibers (12 fibers is the maximum number that 

s has been attempted in practice). Finally, the an- 
nular composite strength member; typically formed 
from a composite E-glass/epoxy or KEVLAR/epoxy, 
results in a relatively low cable specific gravity, 
which is not compatible with many undersea ap- 

10 plications requiring a certain cable sink-rate and/or 
some cable self-burial after installation on the 
seafloor. 

There is now great commercial and military 
interest in defining an economic fiber-optic subma- 

75 rine cable that provides both improved survivability 
(for use at depths less than 1500 meters), the 
possibility of manufacture by many cable vendors, 
and a reduced transportation volume; for example, 
it is desired to provide a cable with over-ail diam- 

20 eter £ -12.7 mm. Further, It is desired that the 
detailed operational characteristics of this cable are 
easily adjustable, so that a family of cables with a 
wide range of electrical capabilities, optical capabil- 
ities, and strength capabilities can be readily manu- 

25 factured to match the requirements of a particular 
application without necessitating _ expensive and 
lengthy development-trials. 

An important optical transmission problem, 
which is not addressed by any of the prior art 

30 cable inventions, has become evident during the 
past few years. A need has been recognized for 
the development of a fiber-optic cable having the 
capability to preserve optical phase and/or polariza- 
tion data during the transmission from signal 

35 source points to remote monitoring (sink) points, 
while the cable is simultaneously subjected to high- 
stress towing environments and/or long-haul under- 
sea applications. This need becomes especially 
acute when fiber-optic sensors systems and coher- 

40 ent fiber communication systems must operate in 
an undersea environment, since transmissions 
must be made from various depths, and particu- 
larly, from extreme depths to signal processors at 
sea level. A difficult problem associated with fiber 

45 optic sensor technology concerns the high degree 
of sensitivity of the "downlead" optical fiber 
(contained in the connecting cable), which must 
apparently be exposed to the environmental pa- 
rameter to be measured. For example, in the case 

so of fiber optic interferometrlc hydrophones, optical 
fiber leads are used to interconnect the undersea 
sensor array to a remote processing sink in order 
to eliminate need for optical-electronic conversion 
and the electrical transmission of collected data 

55 through long electro-mechanical (EM) cables. The 
latter EM cables have the disadvantage of insuffi- 
cient bandwidth, excessive losses and/or excessive 
diameter and weight. On the other hand, use of 
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polarization preserving fiber or special low birefrin- 
gent fiber is usually unaffordable. Furthermore, it 
has not proved possible in hybrid fiber optic cable 
design which incorporates standard telecom fiber 
to protect the fiber from exposure to the undersea 
acoustic environment. Further, it is impossible, 
without installing special electro-optic filtering tech- 
niques in-line with the optical fiber, to prevent an 
increase in background phase noise induced by 
dynamic mechanical stresses associated with an 
operational tow cable environment. Therefore, a 
continuing need exists in the state of the art for a 
family of readily available and easily manufactura- 
bie, reduced diameter electro-opto-mechanlcal ca- 
bles that incorporate one or a large number of 
optical fibers capable of preserving optical phase 
and/or polarization data transmitted through the fi- 
bers, while allowing design flexibility in the choice 
of electrical power transmission capability over a 
wide range of values, and providing the opportunity 
for custom adjustment of cable strength to with- 
stand the physical demands of a wide range of 
particular undersea tow cable or a dynamic 
seafloor cable environments. 



Disclosure of the Invention 



The present invention is directed to providing a 
family of fiber-optic transmission cables for high 
stress and undersea submarine cable applications. 
The invention is an electro-opto-mechanlcal 
cabie comprising a central, flexible composite 
electro-optic strand containing from one to many 
optical fibers in small-diametered, thin-walled steel 
tubes; wherein, the various possible options for 
construction of the electro-optic strand include: (1) 
a single steel tube containing fiber-optic/s centrally 
located coincident with the cable axis, (2) a central 
steel tube containing fiber-optic/s surrounded by 
various arrangements of electrical conductors, (3) a 
central steel tube containing fiber-optic/s surround- 
ed by additional steel tube/s containing fiber- 
optic/s, (4) a central steel tube containing fiber- 
optics surrounded by a combination of variously 
arranged steel-tubed fiber-optic elements and/or 
electrical transmission elements. All of the above 
configurations for the electro-optic strand, which 
contain optical fiber/s within small-diametered, thin- 
walled steel tube/s, provide sufficient protection 
from externally imposed stresses on the optical 
fiber/s, such that phase and/or polarization modu- 
lated optical data can be transmitted through the 
optical fiber/s. The central composite electro-optic 
strand is protected or insulated by an elastomeric 
and/or thermoplastic extrusion thereover, and re- 
ceives further protection from one or several layers 



of metallic wire strength members served about the 
extrusion-jacketed electro-optic core. The metallic 
wire strength member is preferably void-filled with 
a suitable water-blocking material and optionally 

s covered externally with an extruded thermoplastic 
and/or elastomeric extrusion jacket to provide an 
integral electro-opto-mechanical cable construction. 
This summary of the invention is further elaborated 
in the paragraphs below. 

10 The central, flexible electro-optic strand con- 
figuration may contain in general a high fiber count 
(up to -100 or more optical fibers), and the various 
constructions intrinsically assure the transmission 
of low-noise phase and/or polarization modulated 

15 lightwave carrier data through the optical fibers, 
simultaneous with the possibility of electrical power 
transmission, while the cable is subjected to high 
stress physical and mechanical environments. A 
central thin-walled tubular member extends longitu- 

20 dinally in the axis of the cable and is made from 
certain metallic alloys having a resistance to radial 
inward deformation yet possessing a capability for 
longitudinal flexure. The central thin-walled mem- 
ber is shaped with an outer diameter equal to a 

25 multiple of about ten times the dimensions of its 
wall thickness and has a longitudinal welded seam 
to provide a hermetically sealed interior. At least 
one optical fiber is longitudinally disposed in the 
interior of the central thin walled tubular member, 

30 although a multitude, as many as twenty or more 
fibers could still be so disposed. A gel fills the 
interior of the central thin walled tubular member 
which contains the optical fibers to remove any 
voids therein and to provide mechanical coupling of 

35 the fiber to the inside of said metal tube. Typically 
a steel alloy material used for the central thin 
walled member prevents the transmission of suffi- 
cient heat to damage the optical fibers as the 
longitudinal welded seam is precisely created by a 

40 laser. An annular shaped dielectric region coaxially 
adjacent the central thin walled tubular member 
and at least one layer but preferably a pair of 
contrahelical. torque balanced layers of load bear- 
ing strands are disposed radially outwardly of the 

45 dielectric layer. Optionally, a served electrically 
conductive layer or several layers of round copper 
wires or shaped copper strands is interposed within 
the dielectric layer to provide for electrical power 
transfer throughout the length of the cable. Also, an 

so elastomeric or thermoplastic extrusion jacket, typi- 
cally a low, medium, or high density polyethylene 
compound, covers the preferred torque balanced 
layers of steel armor to help assure watertight 
integrity as well as presenting an abrasion resistant 

55 surface. 

The central electro-optic strand may be con- 
structed with additional thin-walled tubular mem- 
bers fashioned like the central thin-walled tubular 
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member clustered about and extended longitudi- 
nally the full length of the cable in helical paths 
about the central thin-walled member. Additional 
optical fibers are provided in each of the additional 
thin-walled tubular members and each member 
containing fiber is provided with an appropriately 
calculated back twist during the helical stranding 
operation to assure the transmission of phase mod- 
ulated optical data without introducing any phase 
distortion due to torsional stress in the fiber, A gel 
fills each additional thin walled tubular member to 
further reduce the possibilities of compromising the 
data content and to provide frictional coupling of 
the fibers to the cable structure. In another vari- 
ation, several solid or stranded electrical conduc- 
tors may be alternately interposed with the addi- 
tional thin-walled tubular members, and all such 
elements having the same diameter, then clustered 
about the central thin-walled tubular member to 
obtain the ability to transmit electrical power and 
additional channels for optical data transmission 
throughout the length of the cable. Additional layers 
may be formed in analogous fashion to produce a 
multiple-layered, composite electro-optic strand. An 
additional conductive layer formed typically with 
served round- copper wires, a braided copper, 
shield, helically wrapped metallic tapes, or longitu- 
dinally formed metallic tube shielding, can be in- 
cluded in the dielectric region to function as a 
ground shield or as a return lead for electrical 
power and/or signal transmission. 



Advantages and Objects of the invention 



An important advantage and object of invention 
as compared to prior art is to provide an improved 
cable for the transmission of phase modulated op- 
tical data. 

Another object is to provide an improved cable 
having a small-diametered, thin-wall steel alloy 
tube containing optical fibers and a void-fill gel for 
frictional coupling to assure transmission of phase 
modulated optical data through the fibers. 

An object of the invention is to provide a cable 
with a small-diameter thin-wailed steel alloy tube 
containing fiber optics and void filling gel that is 
hermetically sealed with a longitudinal weld without 
the creation of heat level that might otherwise dam- 
age the contained optical fibers. 

Still another advantage of the invention is to 
provide a cable including at least one small-dia- 
metered thin-walled metallic tube in which fibers 
are protected from asymmetric transverse stress 
and radial compressions (that might alter the shape 
of the fibers and consequently alter their indexes of 
refraction), such that coherent optical phase and/or 



polarization data can be transmitted through the 
optical fiber/s without superimposed noise. 

An additional advantage of the invention over 
prior art is that the family of cables described can 

5 be readily manufactured by a large number of 
cable vendors, due to the strength and stability of 
the laser-welded steel tube protecting the optical 
fibers during process operations on conventional 
cabling and extrusion machines. 

w Still another object is to provide an electro- 
opto-mechanical cable having the capability for 
transmitting phase modulated and/or polarized op- 
tical data along with electrical power through its 
central composite electro-optic strand. 

75 Still another object is to provide for a cable 
having fiber optics contained in at least one thin- 
wail tubular member surrounded by an annular 
dielectric region and at least a pair of contrahelical, 
torque-balanced layers of load bearing strands. 

20 A further advantage of this invention over prior 
art is the possibility of constructing composite 
electro-optic strand configurations that incorporate 
a large number of small-diametered steel tubes 
each containing a relatively large number of optical 

25 fibers, such that high fiber count cables ( £ -100 
fibers) can be readily fabricated with an outer ar- 
mor annulus of steel strength member wires within 
a small over-all diameter ( £ 12.7 mm). 

Yet a further object is to provide a cable having 

30 the capability for transmitting phase modulated 
and/or polarization data which includes contrahel- 
ical, torque-balanced strength member windings to 
enable towing through the water. 

A further object of the invention is to provide a 

35 cable having load bearing members to allow it to 
be towed through the water without compromising 
the effectiveness of digital optical and/or optical 
phase data signal transmissions through the optical 
fibers, while simultaneously including served, braid- 

40 ed, or taped electrical conductors for the transmis- 
sion of power to remote monitoring instrumenta- 
tions, consequently providing a truly integrated 
electro-opto-mechanical cable construction. 

Still further an object is to provide an inte- 
rs grated electro-opto-mechanical cable construction 
capable of providing electrical, optical, and me- 
chanical functions simultaneously, which is suitable 
for deployment in an undersea environment. 

A further object of the invention is to provide a 

50 cable having a coaxial thin-walled tube (containing 
at least one optical fiber), which is in general the 
central 'wire' of a composite electro-optic strand, 
surrounded by an annular shaped dielectric region, 
which is strengthened and protected by contrahel- 

55 ical torque-balanced load bearing strands that may 
be further protected by external extrusion jacketing, 
which features taken together have the capability to 
be stowed on a reel or in the hold of a ship for 
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subsequent deployment without adversely affecting 
the optical data transmission. 

Another object is to provide a small-diameter- 
electro-opto-mechanical cable having an integrally 
extruded jacket and metallic load bearing layers in 
an outermost annular region protecting the electro- 
optic functions within, in order to achieve a rugged- 
ness which resists the effects of abrasion, fishbite, 
and high tension cycling over small sheaves or 
overboarding chutes while minimizing residual 
(creep) strain due to sustained axial loading, thus 
providing truly integrated electro-opto-mechanical 
performance within a small-diameter, high specific 
gravity cable, which permits use on the seafloor for 
an optical submarine cable application. 

Yet another advantage of the EOM cable inven- 
tion as compared to prior art is protection of the 
optical fiber in the thin-wailed steel tube containing 
one or many fibers and void-fill gel for frictlonal 
coupling of the fibers to the metal tube, such that 
the optical fiber or fibers cannot be driven Into axial 
buckling due to axial compressive forces imposed 
upon the outer surface of the protective tube, which 
forces arise from mismatch of: (1) the tempera- 
ture coefficient of expansion (contraction) of the 
polymeric materials extruded to protect the fiber, 
and (2) the temperature expansion (contraction) 
coefficient of the glass fiber itself. In all of the tight- 
buffer prior art constructions described earlier, 
there is a limit to the thickness of the annulus of 
plastic and/or elastomeric materials that may be 
extruded over the glass fiber. Since the tempera- 
ture contraction of polymers is typically at least an 
order of magnitude greater than that of glass, the 
product of this contraction with the elastic modulus 
(E) and annular area (A) of the extruded polymer 
can easily "over-power" the similar product of the 
glass fibers smaller contraction multiplied by the 
much smaller EA-product of the optical fiber. In 
effect, the optical fiber experiences only a small 
axial shrinkage when exposed to negative tempera- 
ture gradients, and since its flexural rigidity is in- 
sufficient to support the opposing forces generated 
by the greater shrinkage of surrounding polymers, 
the glass fiber can be driven into axial buckling 
during processing at the cable plant. The axial 
buckling produces unacceptable discrete losses of 
optical power. The advantage of the steel tube is 
that its coefficient of expansion matches closely 
that of the glass fiber, and furthermore, the steel 
tube provides sufficient axial strength to support 
the opposing shrinkage forces generated by the 
polymeric extrusions surrounding the steel tubed 
fiber element. 

To summarize an Important advantage of the 
generic EOM cable construction as compared to 
prior art the invention can be readily manufactured 
on conventional cabling machinery to produce a 



family of cables providing a wide range of elec- 
trical, optical, and mechanical performance prop- 
erties that match the particular requirments of spe- 
cific applications. 
5 These and other objects of the invention will 
become more readily apparent from the ensuing 
specification, when taken in conjunction with the 
appended claims and drawings. 

Brief Descriptions of the Drawings 



Figure 1 depicts a representative embodi- 
15 ment in cross- section of the cable for transmitting 
phase and/or polarization modulated data. 
Figure 1a shows a variation of figure 1 . 
Figures 2 and 2a show variations of this 
inventive concept. 
20 Figure 3 shows a cross-sectional view of 

another embodiment of the cable that assures 
transmission of optical phase and/or polarized 
modulated data. 

Figure 3a shows a variation of Figure 3. 
25 Figure 3b depicts a variation that enhances 

collability. 

Description of the preferred embodiments 

30 

Referring now to the drawings, Figures 1, 2, 
and 3 show respectively cables 10, 10 , and 10 
specifically designed to assure the transmission of 
optical phase modulated and/or polarization data 
36 over long distances. These designs and their vari- 
ations provide a sufficiently static environment for 
one or more single-mode fibers in the context of 
static or dynamic tow operations to allow detection 
of optical phase data and polarization data. Reduc- 
40 tion in phase noise as compared to a conventional 
hydrid fiber optic cable construction has been veri- 
fied. The electro-opto-mechanical (EOM) cable in- 
vention avoided most problems associated with 
previous designs and provided a heretofore un- 
45 realized optical data capability. 

An interferometric fiber optic hydrophone array 
is connected to one end of a cable and the other 
end of the cable is secured to a towing vessel. 
Usually phase coherent light is launched from a 
so laser source and transmitted to the optical fiber 
forming an interferometric sensor in the array. Light 
is appropriately modulated by an impinging acous- 
tic signal and is returned from the modulation zone 
via another fiber to be detected. Since the signal 
55 imposed phase modulation occurs by means of 
optical path length changes that result from axial 
strain in the fiber sensor, any additional changes in 
strain in the lead fiber cable will also engender 
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optical path length differences. Another factor to 
consider is that the distribution of radial compres- 
sive stress on the lead fiber in the tow cable 
generates random dynamic deformation of the fiber 
refractive index ellipsoid. Dynamic radial compres- 
sive forces arise from armor squeeze, the com- 
bined effect of Poisson's ratio and radial compo- 
nents of the helical steel wire stress associated 
with fluctuations in cable tension. 

Depending on the cable geometry itself, in 
particular, the location of fibers with respect to the 
adjacent components, internal compressive forces 
on the fiber will be either symmetric or asymmet- 
ric. In the former, refractive index changes wiil not 
be catastrophic with respect to phase demodula- 
tion. In the case of dynamic transverse compres- 
sive strain, the fiber will be deformed into elliptical 
cross-sections with dynamically changing eccen- 
tricities. The corresponding changes in refractive 
index induce a dynamic state of polarization in the 
transmitted light (dynamic stress birefringence). 
These strain induced phase noises superimposed 
upon phase data in the tow cable fiber constitute 
the lead-sensitivity problem avoided by the design 
of the cables of this invention. 

If an all-fiber Mach-Zehnder interferometer con- 
figuration is deployed for either a towed or static 
application, the fiber interferometer has equal sig- 
nal and reference arms to minimize the effects of 
laser diode phase noise. With homodyne detection, 
the required quadrature bias (90 percent imbal- 
ance) is maintained by modulation feedback volt- 
age to a reference piezoelectric cylinder used in 
recovering the impinging acoustic signals. The im- 
pinging acoustic energy imparts a phase modula- 
tion to the light, which is the quantity of interest to 
instrumentation on a remote signal processing site 
or onboard the towing platform. 

Unwanted optical phase shifts can be induced 
in both the reference and sensor arms of the inter- 
ferometer and the lead fiber connected to the re- 
mote sensor due to changes in the optical path 
length of light propagating through a particular seg- 
ment of fiber. The basic birefringence changing 
mechanisms that could impose stresses on the 
individual fibers in the cable environment include 
not only mechanical stresses but also temperature 
stresses, magnetic field and electric field stresses. 
Of these stresses the mechanical stresses gen- 
erated by external cable loading predominates in 
the towing situation. 

A thorough analysis of the stresses and prob- 
lems associated with cable designs for undersea 
operations in particular is set out in detail in the 
article entitled "Cable design approach for partial 
solution of lead sensitivity problems in undersea 
fiber optic sensor systems", T.C. Stamnitz, 
PROC.INrLSYMP.TECH.OPTO-ELECTRONlCS: 



Optical Devices in Adverse Environments , 
SPIE/ANRT, Cannes, France, 19 Nov 1987 (11 
pages). 

Because of the considerations outlined above 
5 and thoroughly covered in the cited article, it is 
obvious that the optical fibers in a cable must be 
protected from asymmetrical transverse stress. In 
addition, reduction of fiber axial elongation to the 
lowest possible level is desirable for minimal fiber 

w fatigue degradation and improved fiber cable life. 
As the consequence, the cable designs 10, 10' and 
10" evolved and can be built in continuous lengths 
of 10 to 100 kilometers, but may be fabricated from 
a number of smaller segments appropriately 

75 spliced together. 

A number of single mode fibers 15 is located 
substantially coincident with cable axis. The exact 
selection of single mode fibers having the desired 
transmission properties for long-haul, high-data rate 

20 transmission can be made in accordance with var- 
ious operating conditions. Some considerations in 
making a selection might include avoidance of 
microbending loss associated with the buffer pack- 
age, pure bending loss associated with cable de- 

25 ployment and retrieval operations, splice losses 
due to core offset, etc. Other factors for fiber 
selection might include the required repeater spac- 
ing and the bit rate. In view of the present availabil- 
ity of a large variety of single-mode fibers from a 

30 relatively large number of different manufacturers, 
many fibers could be used once the parameters of 
the sensing system, monitoring circuitry, deploy- 
ment mode and the like are considered in a given 
application and under given operational conditions. 

35 The optimum parameters for the single-mode fiber 
structure, such as core radius and index difference, 
must be determined for each situation, since op- 
tical performance characteristics depend upon the 
fibers opto-geometric parameters In a complicated 

40 manner. Trade-offs with respect to the performance 
requirements must be made. For example, a high 
index difference will provide a relative insensitlvity 
to bending and microbending loss but induces at 
the same time relatively greater intrinsic loss. Simi- 

45 larly, control of the fiber index profile provides 
control over fiber dispersion at given wavelengths, 
which determines maximum data rates at these 
wavelengths. In the final analysis, the success of 
optical data transmission in a given cable in accor- 

50 dance with this invention will depend upon proper 
choice of opto-geometric parameters in the fiber. It 
must be pointed out that this invention provides, 
however, due to the configuration and arrangement 
of other elements to be described, a considerable 

55 number of fibers. Over a hundred may be Included 
by having up to twenty-four fibers 15 in a given 
thin-walled tubular member 20. 

The small-diameter thin-walled tubular member 
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20 is preferably an alloy such as stainless steel 
type 304, 316, Inconel 625 or titanium. The walls of 
the tubular member are thin, typically having a wall 
thickness of 0.05 to 0.10 mm, and about 0.15 or 
0.20 mm maximum. The tubular members are typi- 
cally sized between 0.75 to 1.75 mm over-all diam- 
eter (OD). These dimensions provide a rather spa- 
cious interior for a number of fibers 15 and the 
remaining void space in the tube interior is filled 
with a thixotropic gel 16, which is sufficiently 
viscoelastic to prevent water from flowing axially 
through the interior of the tube in the event of cable 
severing. Inclusion of the gel in addition to prevent- 
ing any damage to the optics or end equipment, 
provides sufficient viscosity to effect frictional cou- 
pling of the fibers to the thin-walled tubular mem- 
ber. 

The tubular members encasing the fibers are 
fabricated in accordance with processes disclosed 
by H.E. Karlinski in U.S. patent #4,759.487 
(7/26/87), which establishes the apparatus and 
method for forming the steel alloy tubes from flat 
metal tapes, injecting the optical fibers and gel-fill, 
laser welding the tube seam to obtain an hermetic 
seal, and reducing the latter to size. 

A steel alloy tubular member having a 0.81 mm 
0D is made from a 0.05-0.075 mm wall thickness 
stainless steel stock and a 1.65 mm 0D tubular 
member may be fabricated from 0.10-0.127 mm 
stock. These relative dimensions present a strong 
enough design to resist radially converging forces 
while allowing longitudinal flexibility, such that the 
cable can be stowed on a reel for later deployment 
over sheaves. Obviously, different diameters can 
be fabricated in accordance with methods of the 
cited patents, however, it was found that a diameter 
approximately equal to ten times the wall thickness 
provided sufficient crush resistance and sufficient 
longitudinal flexibility. The thin-walled tube designs 
protect the fibers from asymmetrical radial com- 
pression which would deform the shape of the fiber 
itself, and consequently, alter the fiber's index of 
refraction. It is this protection from shape deforma- 
tion that assures the possibility of transmitting co- 
herent optical phase data. The thin-walled steel 
alloy construction permits the precise application of 
a laser weld 20a longitudinally to hermetically seal 
the interior and provide a strong nearly integral 
protection for the fibers therein. The precision laser 
welding of the thin-walled steel alloy will not dam- 
age the fibers nor the void-fill gel during the fab- 
rication process. This fact differs from results ob- 
tained with more highly heat conductive copper or 
copper alloy tubes that conduct excess heat away 
from the weld area to inflict damage upon the 
optical fibers. 

In laser welding of tubular members 20 con- 
structed of a steel alloy material, the heat remains 



predominantly in the vicinity of the weld by passing 
through the laser beam quickly ( £ 25 m/sec). 
Hence, the fibers are not damaged in fabricating 
the specifically designed thin-walled tubular mem- 

5 bers 20. 

The selection of the steel alloy tube also satis- 
fies other design considerations of the cable. The 
elastic modulus of steel assures a strong, stable 
tube that can be handled and processed on con- 

70 ventional equipment at a cable plant without buck- 
ling. The elastic range of -0.55% axial strain for 
the steel alloy is commensurate with the expected 
operational strain in this cable invention. The cable 
of this invention is specifically designed in accor- 

75 dance with features described below to provide low 
axial strain (-0.25%) at the working load, and low 
residual strain from creep (S 0.15%). The thin-wall 
metal tube design facilitates the longitudinal laser 
weld 20a by reducing the total amount of heat 

20 needed to obtain seam fusion. In consequence of 
all of the above the enclosed fibers and gel are not 
disturbed, such that the gel provdes frictional cou- 
pling for the fiber and the fiber functions without 
the risk of water flowing through the tube interior. 

25 Noting Figures 1 and 1a, an extruded dielectric 
region 25 contiguously abuts the outer surface of 
the metal tube 20. In Fig. 1a extruded dielectric 
region 25 has two sections, an inner section 25a 
and an outer section 25b, which sandwich an inter- 

30 posed served electrically conductive layer 50 which 
is described below. This same type extrusion is 
shown also in Figs. 2a and 3. In Fig. 2 dielectric 
region 25 includes a strand shield portion 25 of a 
semi-conductive material such as semi-conductive 

35 ethylene-propylene copolymer and a second por- 
tion 25" of an insulative material such as medium- 
density polyethylene. Other materials can be used 
as well. The extrusion processes are in accordance 
with standard techniques in wire and cable fabrica- 

40 . tion. Noting Figure 2a, an adhesive 20b optionally 
can be co-extruded or extruded in tandem directly 
over the central E-0 element and beneath the 
dielectric region when the latter would otherwise 
contact a smooth outer surface of the E-0 element 

45 to be covered. Ail of these disclosed configurations 
of the dielectric region have various advantages in 
the context of given cable performance require- 
ments. The disclosed dielectric region configura- 
tions could be interchanged with the disclosed em- 

50 bodiments as a matter of design choice. 

The heat normally attendant from such ex- 
trusion pocesses does not pose a threat to the 
integrity of the longitudinal welds 20a in the thin- 
walled tubing member. The materials chosen for 

55 the dielectric regions have been proven to provide 
excellent dielectric properties and very low mois- 
ture absorption and transmission. In addition to 
providing a desirable degree of electrical protection 
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the dielectric regions protect the tube Itseif from 
corrosion and further buffer the internally carried 
fibers from distorting influences. 

A served conductive layer 50 may be added as 
in Figures 1a, 2a, and 3 to give an electrical power 
and signal transfer capability, as required. The 
served electrical conductor layer 50 may be in- 
cluded in the designs to act as a ground shield or 
an electrical power return or may function as a 
second coaxial conductor to provide a shield for 
coaxial electrical data transmission. A pair of load 
bearing layers of wire strands 60 and 70 may 
complete a particular cable configuration. Option- 
ally, Fig.3b shows that alternate strands of layer 
70 are deleted so that this layer can function as a 
spaced armor with about forty to seventy percent 
coverage. This reduces the torsional rigidity of the 
cable by providing the capability to absorb residual 
torsional stresses that arise in the cable due to the 
twisting that necessarily accompanies coiling of the 
cable into the holding tank of a cable laying ship. 
This modification can apply to the other disclosed 
embodiments, although this feature has not been 
shown in the other embodiments to avoid belabor- 
ing the obvious. 

The embodiments of figures 2 and 2a include 
some of the same elements as shown for figures 1 
and 1a. However, a plurality of served electrical 
conductors 40 are clustered about thin-walled tubu- 
lar member 20 and longitudinally extend in a hel- 
ical path in Fig. 2. As a variation, Fig. 2a displays 
shaped copper segments 40' that are stranded to 
fill an annulus about tubular member 20. In the 
embodiments of Fig. 2 the dielectric region 25 is 
made up of a semi-conductive strand shield portion 
25' and a medium-density polyethylene insulative 
portion 25". In Fig. 2a an adhesive 20b is coated 
over the outer surface of the shaped copper seg- 
ments 40' to adhere section 25 thereto for the 
purpose of shear transfer during cable cycling un- 
der tension. The embodiments of Figs. 3 f 3a, and 
3b show additional elements disposed in the ex- 
truded dielectric region 25 that gives this cable an 
enhanced electo-optic capability that might be use- 
ful when sensor requirements are expanded. Three 
additional thln-walled tubular members 17, 18, and 
19 are shown disposed in an annulus about the 
central thin-walled tubular member 20. These addi- 
tional members each contain additional fibers 17', 
18', and 19' provided also with the void filling gel 
16' and give the cable an increased optical channel 
capacity, interspersed with the additional members 
are pairs of served electrical conductors 41-46. 
These are disposed in the same annulus as the 
additional thin-walled tubular members to give the 
cable a capability for transmitting power to various 
remote undersea repeaters, sensors, or other in- 
strumentation as may arise. The three additional 
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tubular members disclosed are not to be consid- 
ered as restrictive on this inventive concept. Other 
ratios of the number of additional thin-wall tubular 
members to the number of additional electrical 

5 conductors can be selected as required. 

Preferably, in Figs. 3, 3a, and 3b, the dielectric 
region 25 fills the interstices around the additional 
tubular and electrical conductors to fill the cable 
Interior and to provide mechanical coupling for the 

10 purpose of shear transfer. 

As mentioned above, served electrically con- 
ductive layer 50 is included in the dielectric region 
of Fig. 3 to provide for a return lead or for addi- 
tional transmission of electrical power as well as 

75 providing a degree of electronic shielding should it 
be necessary. The electrically conductive layer 50 
can also be used In conjunction with the served 
electrical conductors 41-46^ to provide a coaxial 
element for electrical data transmission. 

20 A jacket 80 is provided as needed to protect 
the wires from point loading or strength degrada- 
tion due to corrosion. An elastomeric filling com- 
pound 80a fills all interstices between adjacent 
wires and layers as required. 

25 The served electrical conductors and the addi- 
tional thin-walled tubular members which are clus- 
tered about the central thin walled tubular member 
longitudinally extend in a helical path about the 
central thin walled tubular member. The additional 

30 optical fibers 17 18' and 19' are each provided 
with an appropriately calculated back-twist to as- 
sure that torsional stress is not generated, which 
might otherwise compromise their phase modu- 
lated optical data transmission capability. This 

35 back-twist can be readily accomplished by meth- 
ods well known to those skilled in the art to which 
this invention pertains. 

At least two layers 60 and 70 of contrahelical, 
torque-balanced steel armor wires are located radi- 

40 ally outwardly from the extruded annular dielectric 
region 25. Technical principles derived from phys- 
ical laws using mathematical physics are used to 
determine the configuration of the double-steel ar- 
mor layers as required to create an essentially 

45 torque-free cable that insures low cable rotation. A 
low magnitude of cable rotation, in general, pro- 
duces a low displacement along the axis of the 
cable, and reduces the liklihood of cable loop for- 
mation, which may lead to cable kinking or hoc- 

50 kling phenomena during deep-sea deployment or 
recovery operations. Employing the force equilib- 
rium equation and the equilibrium equation for 
force moments about the cable axis (induced by 
axial cable loading) and setting the resultants to 

55 zero, the size and number of wires in each of the 
two layers is determined by exact solution of a 
third order equation using Cardan's formula. The 
exact theoretical analysis can be relied upon to 
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determine a given multiple layer armor design as 
set forth in the Stamnitz paper referenced above, 
so that the size and number of wires In each layer 
are precisely determined. 

The manufacture of this cable invention re- 
quires the fabrication of thin-walled tubular mem- 
bers in general accordance with the technique dis- 
closed in Karlinski's earlier cited U.S. Patent 
(#4,759.487), which describes the method for in- 
cluding the desired number of single-mode optical 
fibers in the interior of the thin-walled tubular mem- 
ber (multi-mode fibers could be used however they 
are inappropriate for the transmission of phase 
coherent data). A thixotropic jel filling compound 
can simultaneously be flowed into the cylindrical 
enclosure while the tube is laser welded longitudi- 
nally to hermetically seal the seam to protect the 
interior contents from the external surroundings. 
This welding operation requires precision manufac- 
turing apparatus and methods to prevent compro- 
mising the tube strength and to prevent damage to 
the' optical fibers carried within. 

The polyethylene dielectric 25 extruded over 
the tubular member does not present any problems 
in practice, since the laser weld produces complete 
closure of the metal tube seam. The extrusion of 
the high-density polyethylene having a temperature 
profile of about 500 degrees Fahrenheit does not 
produce sufficient "heat-mass" to disturb the laser 
welded seam on the thin-walled tubular member. 
The double-steel armor layers are appropriately 
mounted on the dielectric extrusion, while simulta- 
neously filling with an elastomeric compound 80a 
both inner and outer interstices of all spaces that 
would otherwise be left void between adjacent ar- 
mor wires in the same layers or in successive 
layers. The final jacket of high-density polyethylene 
80 or an equivalent plastic or elastomer is pressure 
extruded to fill the outer interstices of the armor 
wires with portions 80b in the outermost strand 
layer, see for example, Figs. 2, 2a, 3, and 3a, and 
to cover the entire cable to provide mechanical 
coupling for the purpose of shear transfer. The 
integral nature of the outer jacket and the outer 
armor layer makes the cable even more impervious 
to the ambient operational effects; i.e., abrasion, 
temperature changes, hydrostatic pressure, etc. / 

The "spaced armor" provided by layer 70 in 
the embodiment of Fig. 3b has portions 80b' of the 
extruded jacket 80 filling the spaces between adja- 
cent steel strands. This gives the cable a mechani- 
cal coupling of the jacket to the rest of the cable 
and reduces the cable torsional rigidity to allow 
cable coilability without loop formation or hockling. 
The load bearing strands in the spaced armor 
construction are supposed to be fabricated in a 
circumferentially symmetric arrangement with adja- 
cent strands equidistantly spaced apart to provide 



partial coverage of the underlying layer of load 
bearing metallic strands. In actual practice, it is 
ordinarily difficult to maintain the precise equidis- 
tant spacing; hence, the latter is a design goai. 

5 Obviously, many modifications and variations 
of the present invention are possible in light of the 
above teachings it is therefore to be understood 
that within the scope of the appended claims, the 
invention may be practiced otherwise than specifi- 

ro cally described. 



Claims 

76 1. A fiber-optic transmission cable comprising 
one to a large number of physically and mechani- 
cally protected optical fibers and load-bearing 
strength member elements characterised by: 
a central thin-walled tubular member longitudinally 
20 extending coincident in the axis of the cable with 
the tubular member made from a material having a 
compressive strength to resist radial inward de- 
formation and having the property to permit longitu- 
dinal flexure and shaped with an outer diameter 
25 equal to a multiple of about ten times the dimen- 
sions of its wall thickness and having a longitudinal 
welded seam to provide an integral construction 
with a hermetically sealed interior; 
at least one optical fiber longitudinally disposed in 
30 said Interior of the central thin walled tubular mem- 
ber to assure the capability for transmitting low- 
noise optical phase data; 

a gel filling said interior of the central thin walled 
tubular member containing said at least one optical 
35 fiber therein to remove any voids and to provide 
mechanical coupling between said optical fiber and 
the Interior of said central thin-walled tubular mem- 
ber therein; 

an annular shaped dielectric region outwardly co- 
40 . axial and adjacent said central thin walled tubular 
member and 

at least a pair of contrahelicai layers of load bear- 
ing metallic strands disposed outwardly of the di- 
electric region providing low torque and rotation or 

45 near torque-balanced cable, said metallic strands 
being fabricated to allow the cable to be coiled, 
deployed, and retrieved without creating loop for- 
mation that leads to kinking (hockling) as said 
cable is tensioned. 

so 2. A fiber-optic transmission cable comprising 
one to a large number of physically and mechani- 
cally protected optical fibers and load-bearing 
strength member elements as characterised in 
claim 1 and further characterised in that: said cen- 

55 tral thin-walled tubular member is a steel alloy 
material having the property and dimensions to 
prevent the transmission of sufficient heat to cause 
damage to said at least one optical fiber as said 
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longitudinal welded seam in said central thin walled 
tubular member is precisely created by a laser. 

3. A fiber-optic transmission cable comprising- 
one to a large number of physically and mechani- 
cally protected optical fibers and load-bearing 
strength member elements as characterised in 
claim 2 and further characterised in that: 

a served electrically conductive layer is interposed 
In the annular shaped dielectric region longitudi- 
nally extending coaxialiy about said central thin 
walied tubular member; 

an elastomeric compound is disposed between at 
least adjacent layers of load bearing strands filling 
both inner and outer interstices associated with the 
layers; and 

a pressure extruded external jacket fills all outer 
interstitial spaces between adjacent metallic 
strands in the outermost layer and covers the near- 
ly torque-baianced layers, said served electrically 
conductive layer, and said central thin-walled tubu- 
lar member with said at least one optical fiber 
provides an integrated electro-opto-mechanical ca- 
ble structure. 

4. A fiber-optic transmission cable comprising 
one to a large number of physically and mechani- 
cally protected optical fibers and load-bearing 
strength member elements as characterised in 
claim 2 or 3 is further characterised in that: 

at least one served electrical conductor is clustered 
about and longitudinally extends in a helical path 
about said central thin-wailed tubular member, said 
at least one served electrical conductor, said an- 
nular shaped dielectric region, said thin-walled tu- 
bular member with said at least one optical fiber 
and said near torque-balanced layers provide an 
integrated electro-opto-mechanical cable structure. 

5. A fiber-optic transmission cable comprising 
one to a large number of physically and mechani- 
cally protected optical fibers and load-bearing 
strength member elements as characterised in 
claim 2 or 3 is further characterised by: 

at least one additional thin-walled tubular member 
fashioned like said central thin-walled tubular mem- 
ber and clustered about and longitudinally extend- 
ing in a helical path about said central thin-walled 
tubular member; 

at least one additional optical fiber longitudinally 
extending in each said additional thin-walled tubular 
member each provided with an appropriately cal- 
culated back-twist to offset the torsional stress in- 
duced in fabricating said helical path in each said 
additional optical fiber and to assure said transmit- 
ting phase modulated optical data with low-noise; 
a gel filling each said additional thin walled tubular 
member; and 

at least one served electrical conductor clustered 
about and longitudinally extending in a helical path 
about said central thin-walled tubular member, said 



annular shaped dielectric region being pressure 
extruded to assure covering said at least one addi- 
tional thin walled tubular member and said at least 
one served electrical conductor such that the di- 
5 electric fills the outer interstices of the helically 
extending tubular members and electrical conduc- 
tors. 

6. A fiber-optic transmission cable comprising 
one to a large number of physically and mechani- 

70 cally protected optical fibers and load-bearing 
strength member elements as characterised in 
claim 5 is further characterised in that each said at 
least one additional thin walled tubular member is 
alternated in a desired ratio with each said at least 

15 one served electrical conductor In an annulus said 
clustered about and longitudinally extending in said 
helical path about said central thin-walled tubular 
member. 

7. A fiber-optic transmission cable comprising 
20 one to a large number of physically and mechani- 
cally protected optical fibers and load-bearing 
strength member elements as characterised in 
claim 4 is further characterised in that said annular 
shaped dielectric region has a semi-conductive 

25 strand shield directly in contact with said at least 
one served electrical conductor and said strand 
shield fills the outermost interstices of adjacent 
conductors and an insulative annulus is disposed 
over and adjacent to and in intimate contact with 

30 said semi-conductive strand shield. 

8. A fiber-optic transmission cable comprising 
one to a large number of physically and mechani- 
cally protected optical fibers and load-bearing 
strength member elements as characterised in 

35 claim 5 is further characterised in that said annular 
shaped dielectric region has a semi-conductive 
strand shield directly in contact with said at least 
one served electrical conductor and said at least 
one additional thin-walled tubular member and said 

40 strand shield filling the outer interstices between 
said members, and an insulative annulus is dis- 
posed adjacent to, over, and in intimate contact 
with said semi-conductive strand shield. 

9. A fiber-optic transmission cable comprising 
45 one to a large number of physically and mechani- 
cally protected optical fibers and load-bearing 
strength member elements as characterised in 
claim 1 is further characterised by: 

an adhesive polymeric bonding material disposed 
so on said central thin-walled tubular member to bond 
the annular shaped dielectric region thereto to pro- 
vide an integral electro-opto-mechanical structure. 

10. A fiber-optic transmission cable comprising 
one to a large number of physically and mechani- 

55 cally protected optical fibers and load-bearing 
strength member elements as characterised in 
claim 1 , 2, or 3 is further characterised in that the 
outer layer of load bearing metallic strands is con- 
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figured in a circumferentially symmetric arrange- 
ment with adjacent strands equidistantly spaced 
apart to provide partial coverage of the underlying 
layer of load bearing metallic strands. 

11. A fiber-optic transmission cable comprising 
one to a large number of physically and mechani- 
cally protected optical fibers and load-bearing 
strength member elements as characterised in 
claim 2 or 3 is further characterised by: 

at least one served electrical conductor clustered 
about and longitudinally extending in a helical path 
about said central thin-walled tubular member, said 
at least one served electrical conductor, said an- 
nular shaped dielectric region, said thin-walled tu- 
bular member with said at least one optical fiber 
and said near torque-balanced layers providing an 
integrated eiectro-opto-mechanical cable structure 
and in which the outer layer of load bearing metal- 
lic strands is fabricated in a circumferentially sym- 
metric arrangement with adjacent strands 
equidistantly spaced apart to provide partial cov- 
erage of the underlying layer of load bearing metal- 
lic strands. 

12. A fiber-optic transmission cable comprising 
one to a large number of physically and mechani- 
cally protected optical fibers and load-bearing 
strength member elements as characterised in 
claim 2-or 3 is further .characterised by:.. 

at least one additional thin-walled tubular member 
fashioned like said central thin-walled tubular mem- 
ber and clustered about and longitudinally extend- 
ing in a helical path about said central thin-walled 
tubular member; 

a least one additional optical fiber longitudinally 
extending in each said additional thin-walled tubular 
member each provided with an appropriately cal- 
culated back-twist to offset the torsional stress in- 
duced in fabricating said helical path in each said 
additional optical fiber and to assure said transmit- 
ting phase modulated optical data with low-noise; 
a gel filling each said additional thin walled tubular 
member; and 

at least one served electrical conductor clustered 
about and longitudinally extending in a helical path 
about said central thin-walled tubular member; 
said annular shaped dielectric region being pres- 
sure extruded to assure covering said at least one 
additional thin walled tubular member and said at 
least one served electrical conductor such that the 
dielectric fills the outer interstices of the helically 
extending tubular members and electrical conduc- 
tors and in which the outer layer of load bearing 
metallic strands is fabricated in a circumferentially 
symmetric arrangement with adjacent strands 
equidistantly spaced apart to provide partial cov- 
erage of the underlying layer of load bearing metal- 
lic strands. 

13. A fiber-optic transmission cable comprising 



one to a large number of physically and mechani- 
cally protected optical fibers and load-bearing 
strength member elements as characterised in 
claim 4 is further characterised by: 

5 an adhesive polymeric bonding material disposed 
on outer surfaces of said at least one served elec- 
trical conductor to bond the annular dielectric re- 
gion thereto to provide an integral electro-opto- 
mechanical cable structure. 

70 14. The use of a fiber-optic transmission cable 
as characterised in claims 1, 2, 3, 4, 5, 6. 7. 8, 9, 
10, 11, 12, or 13 to transmit optical data In an 
undersea environment which includes: towing of 
various array apparatus or instrumentations at- 

76 tached to the cable, or the operation of a remote- 
operated-vehicie at the end of the cable, or the 
achievement of undersea communciations or sen- 
sor data collection by means of the cable. 

15. The use of a fiber-optic transmission cable 

20 as characterised in claim 15 and further charac- 
terised in that the optical data transmission in- 
cludes low-noise phase-modulated data transmis- 
sion in said undersea applications. 
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